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SUMMARY 

Because solar cells in a production batch are not identical, screening is performed to obtain 
similar cells for aggregation into arrays. A common technique for screening is based on a single 
operating point of the I-V characteristic of the cell, usually the maximum power point. As a 
result, inferior cell matching may occur at the actual operating points. Screening solar cells based 
on the entire I-V characteristic will inherently result in more similar cells in the array. An array 
consisting of more similar cells is likely to have better overall characteristics and more predictable 
performance. This paper deals with solar cell screening methods and cell ranking. The concept of a 
mean cell is defined as a cell “best* representing all the cells in the production batch. The 
screening and ranking of all cells are performed with respect to the mean cell. The comparative 
results of different screening methods are illustrated on a batch of 50 silicon cells of the Space 
Station Freedom. 

1. INTRODUCTION 

One of the disadvantages of solar cells for electric power generation is that the device is a 
low power source. To obtain the desired power level, many solar cells must be connected in series 
and parallel combinations. As differences in production between single cells are inevitable, 
screening is usually performed to obtain cells with “similar” characteristics. A representative or a 
“mean” cell may then be defined that represents all the solar cells in a production batch. The 
purpose is to select cells having characteristics which deviate least from the mean cell. Such an 
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array composed of closely similar cells should possess better characteristics, more predictable 
performance and better known tolerances. 

A common technique for cell screening is based on a single operating point, e.g. the 
maximum power point. However, the cells in the array may not match at other operating points. 
In addition, the single point measurement may also contain errors thus affecting the screening 
results. Therefore, the screening of cells based on the entire I-V characteristics is desirable since it 
insures the selection of more similar cells for the array. This requires the measurement and storage 
of many data points for each produced cell. A method for screening solar cells was introduced in 
Ref. 1. The purpose of the present article is to further introduce an additional screening method, 
and to compare the quality of the screening between this method and the method based on single 
operating point. The screening is demonstrated on a batch of 50 8- by 8-cm silicon solar cells such 
as those used in the preliminary design of the Space Station Freedom. 

2. SCREENING METHODS 
2.1 Method Based on Curve Fitting 

In Ref. 1 we introduced a screening method for solar cells. This method is based on 
modeling the solar cell using an equivalent electrical circuit represented by either a single or 
double exponential I-V characteristic with five or seven parameters. Curve fitting methods were 
used to determine the solar cell equation parameters from the experimental data. It was expected 
that “similar” cells would produce similar parameter sets and that the screening could be based 
on comparing the parameter values. This could not be accomplished because unique parameter 
values could not be obtained as discussed in Ref. 1. The results of the curve fitting procedure for 
the cell parameters are listed in Table 1. A model with double exponents and seven parameters 
was used for the cell, and its I-V equation is given by: 


I = Iph - 


01 


exp 


[q(v + nt.)l 


- i 


n x kT 


~ *02 


i exp 


[q( v + ng 

n 2 kT 


- 1 


V + IR S (1) 


R, 


sh 


2 



where I ph is the photogenerated current, and Iq 2 are reverse saturation currents, and n 2 axe 
ideality factors, R 8 is the series resistance and R sh is the shunt resistance. The 50 solar cells are 
denoted by SS01 through SS5Q. The measured I-V characteristics of all 50 cells at 25 °C are 
shown in Fig. 1. It should be noted that these cells were already pre-screened (for a desired 
current range) at 0.495 V. The dispersion of the measured data is noticeable, but one may argue 
that they are obviously “similar” cells. It should also be noted that the parameter values for each 
cell gives a very good fit to the measured data, as discussed in Ref. 1. Nevertheless, Table 1 shows 
that the corresponding parameters are different for these “similar” cells, and screening cells by 
comparing parameter values is not warranted. The concept of a “mean cell” was thus introduced 
to represent the entire production batch of cells and to describe the performance of the entire I-V 
characteristic. The procedure for determining the mean cell is as follows: 

(1) Perform a curve fit for each cell to find the cell parameters. 

(2) Compute the currents for each cell using its parameters at the same voltage. Repeat at 
other voltages covering the entire I-V curve at equal intervals. 

(3) Compute the average for all currents (at each particular voltage) thereby generating 
new data points for the I-V characteristic of a hypothetical “mean cell.” 

(4) Perform a fit for the mean cell to obtain the parameter values. 

The screening of the solar cells was based on the difference in the area AA under the I-V 
characteristic of each cell as compared to the mean cell. When normalized, the AA/A (Ref. 2), 
represents the overall deviation, from a performance viewpoint, of each cell from the average 
(mean) performance of the production batch. Once a comparison of each cell to the mean cell is 
made, it is possible to rank the cells in terms of their similarity to the mean cell, as shown in 
Table 2 under the column “Reference 1” for the 50 cells used in the study. To select K cells for an 
array, one simply uses the top K cells in the list. Column “Reference 1” shows that the most 
similar cell to the mean cell is number 33. In computing the area under the I-V curve for all cells 
including the mean cell, the model Eq. (l) was used with the corresponding parameter values. 
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2.2 Methods Based on Measured I-V Points 


The method described in Ref. 1 and summarized in section 2.1 represents a viable 
technique for screening of solar cells. However, it must be noted that the method resorts to a 
curve fitting procedure. The concept of a mean cell and the expression A A/ A may be computed 
from the measured data points without using the cell model Eq. (1), cell parameters and curve 
fitting procedures. A mean cell data point (I-V curve) may be generated by computing the 
average of the currents for all cells at particular voltages. Since the I-V measured points are not 
usually sampled at identical voltages for all the cells, one cannot directly use the I-V measured 
data of the cells to produce the mean cell. It is necessary therefore to transform the I-V measured 
data to new data having common voltage points. This may be simply accomplished by 
interpolating between successive measured points of the cells. The mean cell may then be 
generated and the AA/A computed for all the cells along with their ranking. It should be noted 
that the I-V data of the mean cell include measurement errors of the same category as the cells in 
the batch. On the other hand, it should also be noted that the characteristics of all the cells, 
including the mean cell, are smooth curves for the screening method based on curve fitting. The 
results of screening and ranking of the 50 cells based on the common voltage points are listed in 
Table 2 under the column “Common voltage.* The same screening procedure may be performed 
with common current points. The results in this case are somewhat different because of the 
interpolation process. The results of screening and ranking of the 50 cells based on common 
current points are listed in Table 2 under the column “Common currents.” 

The values of either common current or common voltage points may be used for 
connecting cells in series or in parallel, respectively, to obtain the I-V characteristic of an array. 
2.3 Method Based on a Single Point 

The method for screening cells based on a single measured point assumes a given voltage 
for which the corresponding currents of the cells fall in an acceptable range. Using the concept of 
a mean cell, one may define such a cell by averaging the currents of all the cells in the production 
batch for the given voltage. Denoting the average current by ^ (mean) the screening and ranking 
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may be performed based on the criterion of |Ij — where Ij is the current of cell j. The 

results of ranking the original pre-screened 50 cells based on 0.495 V are listed in Table 2 under 
the column “0.495 Volt”. 

3.0 CELL RANKING 

Table 2 shows that the ranking of the cells is different for the different screening methods. 
The degree of difference in the ranking may be calculated by comparing the difference in the 
position of the same cell in the column in the table for two compared methods and taking the root 
mean square, i.e., 
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where y = 1,2,. . N is the cell number, and a(y) and b(y) are the position of cell y in the 
column for methods a and b, respectively. A smaller number corresponds to a more similar 
ranking of the two compared methods. The results are summarized in Table 3. The closest 
ranking (1.60) is obtained for the screening method based on the measured I-V points (common 
voltage) and the curve Fitting method column “Reference 1 * The number 1.60 indicates that the 
degree of difference in the ranking for the two methods is 1.60. The largest difference in ranking 
(14.64) is for the single point method and the curve fitting method. The screening method based 
on measured I-V points, for common voltage and common current, is the same; the difference as 
shown in Table 3 comes from measurement errors and the interpolation process. The main 
conclusion of the cell ranking comparison is that the method based on the measured I-V points 
results in similar ranking as the curve fitting method. Consequently, no fitting method is required 
and hence a less complicated screening method may be used. 

4. EFFECTIVENESS OF SCREENING 

The purpose of cell screening is to select cells with similar characteristics from a production 
batch for their aggregation into arrays. The effectiveness of the screening may be measured by the 
difference in the power output of an array made of a given number of screened cells and the power 
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output of the mean cell of the batch times the same number of cells. The comparison may be 
made for a single point, a desired range or for the entire I-V characteristic. The effectiveness of 
the cell screening is demonstrated numerically on 9 of the above mentioned 50 cells. In the 
example we compare the power output of the 9 most similar cells connected in series, as screened 
by the current method, and the power output of 9 randomly selected cells, as screened by the 
single point method. We also compare the difference in power output between the array made of 
the 9 most similar cells, based on the current screening method, and the power output of the 
mean cell multiplied by 9. This comparison, for the entire current range of the 
I-V characteristic, indicates the predictable performance tolerance of the solar cells. Figure 2 
describes the variation in the percent power error (P a - 9P.)/P a of the above 9 screened cells, as 
screened by the current method and by the single point method, where P a is the array power and 
Pj is the power of a single cell. The figure shows that the power error of the cells screened by the 
current method, based on the entire I-V characteristic, is smaller than for the single point 
screening method. In the vicinity of the maximum power point (marked by P max ), the power 
error is somewhat smaller for the single point screening method. This result is expected since pre- 
screening was performed at 0.495 V. The results in Fig. 2 also show that the 9 selected cells for 
the array are indeed very similar since the difference in array output power and the power of the 
mean cell multiplied by 9 is very small for a large range of the I-V characteristic. 

5. CONCLUSIONS 

Solar cells are produced in batches and cell screening is usually performed before arraying. 
A common technique for screening is based on a single operating point. At other operating points 
the deviation in performance may be considerably larger. Two additional screening methods were 
discussed in this article which use information from the entire I-V characteristic. One method is 
based on curve fitting and another is based on measured I-V points. A mean cell is conveniently 
defined representing all the cells in the production batch from an overall performance viewpoint. 
The screening and ranking of the cells is performed with respect to the mean cell, obtaining 
subsets of cells with similar characteristics. These two methods were compared to the single point 
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method used in practice. The screening of all methods were demonstrated on 50 pre-screened cells. 
The proposed methods result in more similar cells for arraying purposes and a more predictable 
array performance. The disadvantage of the procedures based on the entire I-V characteristic is 
that they require the measuring and storing of many points. This additional conceptual 
complexity should be weighed against the potential gain of superior performance from the solar 
arrays. 
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TABLE 1 .— SOLAR CELL PARAMETERS OBTAINED FROM CURVE FITTING 
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TABLE 2.— THE RANKING OF SOLAR CELLS BASED ON 


DIFFERENT SCREENING METHODS 
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TABLE 3.— DIFFERENCE IN RANKING OF THE SCREENING 


METHODS 
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current 
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14.64 
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14.20 




Figure 1 . — Measured I-V characteristics of 50 soiar cells. 



CURRENT (A) 

Figure 2. — Percent power error of an array made of 9 cells 
screened by the current method and 9 randomly selected 
cells screened by the single point method. 
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